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BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates generally to integrated 
circuits having fuse elements, and more particularly, to a 
laser fuse deletion process. 

Related Art 

Fuses formed within integrated circuits serve several 
functions. For example, fuses may be formed within a 
circuit to provide redundancy. In other words, particular 
fuses may be deleted or opened to re-route circuitry along 
alternate pathways in the event of a failure. 
Alternatively, fuses may be selectively deleted to form a 
matrix of opens and shorts unique to that circuit which may 
easily be recognized by an electrical computer 
identification system. 

Laser fusing processes are typically used to delete 
specific fuses. During a laser fuse deletion process the 
fuse structure, including the size, shape and material of 
the fuse itself, as well as the type and thickness of the 
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material covering the fuse, are of critical importance to 
the quality of the fuse deletion. Accordingly, it is 
desirable to optimize any or all of these parameters to 
enhance the success of the fuse deletion process. 

SUMMARY OF THE INVENTION 

The first general aspect of the present invention 
provides a semiconductor device comprising: a substrate; at 
least one fuse formed within the substrate; and an etch 
resistant layer over at least one of the formed fuses. 

The second general aspect of the present invention 
provides a method of forming a fuse structure, comprising: 
providing a substrate having at least one fuse formed 
therein; and depositing an etch resistant layer over a 
surface of the substrate. 

The third general aspect of the present invention 
provides a method of performing a fuse deletion process, 
comprising: providing a substrate having at least one fuse 
therein, an etch resistant layer over the fuse and at least 
one insulative layer over the etch resistant layer; removing 
a portion of the at least one insulative layer above the 
fuse to the etch resistant layer; and applying a radiant 
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energy source to the fuse until the etch resistant layer is 
partially removed. 

The foregoing and other features and advantages of the 
invention will be apparent from the following more 
particular description of the embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments of this invention will be described iii 
detail, with reference to the following figures, wherein 
like designations denote like elements, and wherein: 

Fig. 1 depicts a cross-sectional view of a related art 
semiconductor device; 

Fig. 2 depicts the related art semiconductor device of 
Fig. 1 following an etch; 

Fig. 3 depicts a cross-sectional view of a 
semiconductor device in accordance with the present 
invention; and 

Fig. 4 depicts the semiconductor device of Fig. 3 
following an etch. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Although certain embodiments of the present invention 
will be shown and described in detail, it should be 
understood that various changes and modifications may be 
made without departing from the scope of the appended 
claims. The scope of the present invention will in no way- 
be limited to the number of constituting components, the 
materials thereof- the shapes thereof, the relative 
arrangement thereof, etc. Although the drawings are 
intended to illustrate the present invention, the drawings 
are not necessarily drawn to scale. 

Referring to the drawings, Fig. 1 shows a cross- 
sectional view of a related art semiconductor device 10, 
e.g., a Back-End-of -the-Line (BEOL) integrated circuit, or a 
chip as part of a semiconductor wafer 11, wherein the 
individual device 10 is eventually separated from the wafer 
11 prior to shipping, by cutting along line A. In this 
example, the device 10 comprises a substrate 12, having 
several metal wiring layers formed therein, of which only 
the last metal wiring layer 14 is shown. The metal wiring 
layer 14 comprises copper, or other similarly used material. 
At least one region of the last metal wiring layer forms a 
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fuse 14A. The remaining regions of the metal wiring layer 
14 are electrically connected to contact pads 16 via 
interconnections 18. The contact pads 16 comprise aluminum, 
or other similar conductive material. The interconnections 
18 comprise tungsten or other similarly used conductive 
material. The device 10 further includes wiring 20, formed 
of the same or similar material, and at the same time, as 
the contact pads 16. 

A first insulative layer 22, comprising oxide, located 
between the metal wiring layer 14 and the contact pads 16, 
provides electrical insulation between layer 14 and the pads 
16. A plurality of insulative layers 24, 26 and 28 are 
deposited on the surface of the contact pads 16, the wiring 
20, and the exposed first insulative layer 22. In 
particular, the second insulative layer 24 comprises oxide, 
the third insulative layer 2 6 comprises nitride, and the 
fourth insulative layer comprises polyimide. 

An alignment mark 42 is located within the "kerf" 40, 
or the space on the wafer 11 between adjacent devices 10. 
The alignment mark 42, also formed of the metal wiring layer 
14, is formed of a similar material as the fuse 14A. The 
alignment mark 42 provides an optical target for a laser 



BUR9-2000-0075-US1 



5 



during a subsequent laser fuse deletion process (described 
in more detail infra) . 

A layer of photoresist (not shown) is deposited over 
the surface of the fourth insulative layer 28. Using a 
first mask (not shown) , openings are patterned within the 
fourth insulative layer 2 8 above the contact pads 16, the 
fuse 14A and the alignment mark 42. Using an appropriate 
etch process, either a wet etch or a reactive ion etch 
(RIE) , the patterned openings are transferred into the 
fourth insulative layer 28, stopping at the third insulative 
layer 26. 

As illustrated in Fig. 2, the third 26 and second 
insulative layers 24 are then etched, using a dry RIE, above 
the contact pads 16, the fuse 14A and the alignment marks 
42. An u over-etch" is then performed to ensure that the 
surface of the contact pads 16 are thoroughly cleaned, 
thereby providing sufficient electrical contact. During the 
over-etch, the second insulative layer 24 etch chemistries 
are continually performed to remove any excess portions of 
the second insulative layer 22 over the contact pads 16. 
During the over-etch, a portion of the first insulative 
layer 22 covering the fuse 14A and the alignment mark 42 is 
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also partially removed. Depending upon the duration and 
location of termination of the over-etch, the amount of 
remaining first insulative layer 22 covering both the fuse 
14A and the alignment mark 42 is non-uniform and often 
locally too thick to allow successful laser deletion of the 
fuse link. 

The process of etching the first insulative layer 22 
requires a great deal of care because removing too much or 
all of the first insulative layer 22 over the fuse 14A will 
alter the character of fuse delete for a specific fusing 
energy and potentially will leave undeleted fuses exposed to 
the processing and packaging environments. These 
environments are often corrosive to high conductivity metals 
like copper. Alternatively, removing too little of the 
first insulative layer 22 may result in the inability of the 
laser to detect and locate the alignment mark 42, or 
successfully delete the fuse 14A. 

Thereafter, a laser fuse deletion process, which is 
used to open the fuse 14A, is performed. In particular, an 
infra-red laser locates the alignment mark 42 within the 
kerf 40. After the laser locates the alignment mark 42, the 
controlling software directs the laser to the fuse 14A to be 
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deleted- Thereafter, the laser emits a beam, having a 
specified amount of energy, through the remaining 
passivation thickness T covering the fuse 14A and into the 
fuse 14A. As the laser beam interacts with the metal fuse 
14A material, the fuse 14A begins to heat up and expand, 
forcing the weakest regions surrounding the fuse 14A to 
rupture or explode. By design, the weakest region is 
intended to be the passivation thickness T of the first 
insulative layer 22 over the top of the fuse 14A. Following 
the rupture, the molten metal within the fuse 14A vaporizes 
leaving a discontinuity within the metal wiring layer 14, 
which causes a high electrical resistance in that region of 
the device 10, 

However, depending upon the duration and uniformity of 
the over-etch the passivation thickness T covering the fuse 
14A and the alignment mark 42 may vary. As a result, 
several problems may arise during the subsequent laser fuse 
deletion process. For example, if the passivation thickness 
T of the first insulative layer 22, which covers both the 
fuse 14A and the alignment mark 42, is too great following 
the over-etch, the pre-programmed laser may be incapable of 
locating the alignment mark 42. As a result, the laser will 
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be unable to locate the fuse 14A and properly perform the 
fuse deletion, or the laser may perform the fuse deletion in 
the wrong region of the device 10, and so on. Conversely, 
if the duration of the over-etch is not closely monitored, 
the passivation thickness T may be eliminated altogether 
resulting in a comprised fuse structure. 

Additionally, if the passivation thickness T of the 
first insulative layer 22 covering the fuse 14A is too great 
the fuse 41A may blow in the wrong direction. For instance, 
if the passivation thickness T is thicker than the other 
regions surrounding the fuse 14A, the expansion of the metal 
within the fuse 14A caused by the laser may result in the 
fuse 14A blowing out the bottom or sides of the substrate 
12, rather than the through the passivation thickness T, as 
intended. In other words, the greater the passivation 
thickness T the greater the resistance to expansion as 
compared to the surrounding areas of the device 10. 

Furthermore, the input conditions, including the 
necessary input power of the laser, the shape and diameter 
of the laser beam, etc., are programmed based upon the fuse 
14A having the greatest predetermined passivation thickness 
T. However, due to the uneven etching from fuse 14A to fuse 



BUR9-2 000-0 07 5-US1 



9 



14A that may result during the over- etch , some fuse 
positions will receive excessive laser input energy, which 
may lead to excessive insulator cracking or substrate 
damage. This is particularly problematic when the materials 
below the fuse 14A comprise low-k dielectric materials, 
which typically exhibit greater processing variability. 

Therefore, in order to overcome these and other 
problems, the present invention carefully controls the 
passivation thickness above the fuse and alignment mark. 
Fig. 3 shows a cross-sectional view of a semiconductor 
device 100 in accordance with the present invention, i.e., a 
chip as part of a semiconductor wafer 110, wherein the 
individual device 100 is eventually separated from the wafer 
110 prior to shipping, by cutting along line A' . In this 
example, the device 100 further includes a substrate 112, 
having several metal wiring layers formed therein, of which 
only the last metal wiring layer 114 is shown for ease of 
illustration. The metal wiring layer 114 comprises copper, 
or other similarly used material . At least one region of 
the metal wiring layer 114 forms a fuse 114A. The remaining 
regions of the metal wiring layer 114 are electrically 
connected to contact pads 116 via interconnections 118. The 
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contact pads 116 comprise aluminum, or other similar 
material. The interconnections 118 comprise tungsten or 
other similarly used conductive material. The device 100 
further includes wiring 120, formed of the same or similar 
material, and at the same time as the contact pads 116. 

An alignment mark 142 is located within the "kerf" 140, 
or the space on the wafer 110 between adjacent devices 100. 
The alignment mark 142 is formed of the metal wiring layer 
114, comprising a similar material as the fuse 114A. As 
described above, the alignment mark 142 provides an optical 
target for a laser during a subsequent laser fuse deletion 
process . 

During formation of the device 100, an etch resistant 
or etch stop layer 13 0 is deposited on the surface of the 
wafer 100, covering the metal wiring layer 114, and 
particularly, covering the fuse 114A and the alignment mark 
142. The etch stop layer 130 is deposited using a spin-on, 
CVD, PVD or other similar conventionally used deposition 
technique. The etch stop layer 130 comprises silicon 
nitride, or other similar material having a slower etch rate 
than that of the insulative layers thereabove (the reasons 
for which will be described in more detail infra) . The etch 
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stop layer 130 is deposited having a thickness of 
approximately 10-100nm. The etch stop layer 130 provides a 
uniform remaining passivation thickness T" over both the 
fuse 114A and the alignment mark 142 for use during the 
subsequent fuse deletion process. 

A first insulative layer 122, comprising oxide, located 
between the etch stop layer 13 0 over the metal wiring layer 
114, the alignment mark 142 and the contact pads 116, 
provides electrical insulation between the metal wiring 
layer 114 and the contact pads 116. A plurality of 
insulative layers 124, 126 and 128 are deposited on the 
surface of the device 100 (including the alignment mark 142 
within the kerf 140) . The second insulative layer 124, 
comprising oxide or other similar material exhibiting an 
etch rate similar to that of the underlying first insulative 
layer 122 (the reasons for which will become more evident 
below) , the third insulative layer 126 comprising nitride, 
and the fourth insulative layer comprising polyimide, are 
deposited over the device 100 using known techniques. 

A photoresist (not shown) is deposited over the surface 
of the fourth insulative layer 128. Using a mask (not 
shown) , openings are patterned within the fourth insulative 
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layer 12 8 above the contact pads 116, the fuse 114A, and the 
alignment mark 142. Using an appropriate etch process, 
typically a RIE, or a wet etch, the fourth insulative layer 
128 is etched down to the third insulative layer 126 in 
these patterned areas. 

Thereafter, the third insulative layer 126 is etched 
above the contact pads 116, the fuse 114A and the alignment 
mark 142, using a dry RIE selective to the material within 
the third insulative layer 12 6. Likewise, the second 
insulative layer 124 is etched over the contact pads 116, 
the fuse 114A and the alignment mark 142, using a dry RIE 
selective to the material within the second insulative layer 
124. 

An "over-etch" is then performed, wherein any excess 
portions of the second insulative layer 24 are cleaned from 
the surface of the contact pads 116. Because the first 
insulative layer 122 comprises material having an etch rate 
similar to that of the second insulative layer 124, during 
the over-etch the first insulative layer 122 over the fuse 
14A and the alignment mark 142 is etched down to the etch 
stop layer 130. Regardless of the duration of the over- 
etch, the etch stop layer 13 0 will not be removed because 
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the material within the etch stop layer 13 0 has a much 
slower etch rate than that of the first and second 
insulative layers 122, 124. 

Therefore, following the over-etch, all fuses 114A, 
both on the device 10 0 and on other devices of the wafer 
110, as well as the alignment mark 142, have a uniform 
passivation thickness T' thereover. In particular, the 
remaining passivation thickness T' is defined by the 
approximate deposition thickness of the etch stop layer 130. 
As mentioned above, this is because the etch stop layer 13 0 
has a slower etch rate than the first insulative layer 122 
thereabove, which is removed during the over- etch. 
Therefore, regardless of the amount of time spent performing 
the over-etch, or the non-uniformity of the over-etch, the 
etch stop layer 130 will be minimally etched, if at all, 
leaving a known, uniform passivation thickness T' comprising 
the etch stop layer 130. This eliminates the need for the 
over-etch to be so closely monitored, as previously 
required. 

During the laser fuse deletion process the laser is 
able to easily locate the alignment mark 142 because the 
passivation thickness T' of the etch stop layer 130 
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thereover is thin, thereby providing a clear optical 
location target. Furthermore, due to the uniformity of the 
passivation thickness T" over each fuse 114A, stresses 
caused due to excessive input energy are reduced or 
eliminated. This is because the laser may be pre-programmed 
with the appropriate deletion energy required to blow a fuse 
11 4 A through a passivation thickness T" that is 
approximately uniform from fuse 114A to fuse 114A. 

It should be understood that the present invention has 
been illustrated and described in conjunction with an 
additional electrical feature, namely, contact pads 116, 
only as an example. It is in no way intended to be limited 
by the above description. Rather, the present invention is 
also intended for use alone or in combination with various 
other features. 

While this invention has been described in conjunction 
with the specific embodiments outlined above, it is evident 
that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the 
embodiments of the invention as set forth above are intended 
to be illustrative, not limiting. Various changes may be 
made without departing from the spirit and scope of the 
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invention as defined in the following claims. 
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CLAIMS 

We claim: 

1 1. A semiconductor device comprising: 

2 a substrate; 

3 at least one fuse formed within the substrate; and 

4 an etch resistant layer over the at least one fuse. 

1 2. The semiconductor device of claim 1, further comprising 

Jk an alignment mark formed on the substrate at a location 

gj spatially removed from the fuse, 

tl 3. The semiconductor device of claim 2, wherein the 

?5 alignment mark further comprises the etch resistant layer 

!3 thereover. 

1 4. The semiconductor device of claim 2, wherein the fuse and 

2 the alignment mark are formed within a metal wiring layer of 

3 the device . 

1 5. The semiconductor device of claim 1, further comprising 

2 at least one insulative layer above the etch resistant 

3 layer. 



BUR9-2000-0075-US1 



6. The semiconductor device of claim 5, wherein the etch 
resistant layer has a slower etch rate than that of the at 
least one insulative layer thereabove. 

7. The semiconductor device of claim 1, wherein the etch 
resistant layer comprises silicon nitride. 

8. The semiconductor device of claim 1, wherein the etch 
resistant layer has a thickness of approximately 10-100 nm. 
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1 9. A method of forming a fuse structure, comprising: 

2 providing a substrate having at least one fuse formed 

3 therein; and 

4 depositing an etch resistant layer over a surface of 

5 the substrate. 

1 10. The method of claim 9, further comprising providing an 

2 alignment mark formed within the substrate at a location 
spatially removed from the fuse. 

% 11. The method of claim 9, wherein the etch resistant layer 

gl comprises silicon nitride. 
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1 12. A method of performing a fuse deletion process, 

2 comprising : 

3 providing a substrate having at least one fuse therein, 

4 an etch resistant layer over the fuse and at least one 

5 insulative layer over the etch resistant layer; 

6 removing a portion of the at least one insulative layer 

7 above the fuse to the etch resistant layer; and 

8 applying a radiant energy source to the fuse until the 
If etch resistant layer is partially removed. 

jt 13. The method of claim 12, further comprising providing an 

Lg alignment mark formed within the substrate having the etch 

H resistant layer and at least one insulative layer thereover. 

"dt 14. The method of claim 13, wherein the fuse and the 

2 alignment mark are formed within a metal wiring layer of the 

3 substrate . 
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1 15. The method of claim 13, further comprising removing a 

2 portion of the at least one insulative layer above an 

3 electrical feature and the alignment mark while removing the 

4 at least one portion of the at least one insulative layer 

5 above the fuse . 

1 16. The method of claim 12, wherein removing a portion of 

2 the at least one insulative layer further comprises etching 
Jj the insulative layer. 

Jl 17. The method of claim 12, wherein applying a radiant 

M energy source further comprises emitting a laser beam into 

Q the fuse. 

~i 18. The method of claim 13, further comprising: 

2 locating the alignment mark with the radiant energy 

3 source; and 

4 locating the fuse based upon the location of the 

5 alignment mark. 
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19. The method of claim 13, wherein the etch resistant layer 
provides a uniform passivation thickness over the fuse and 
the alignment mark. 



1 20. The method of claim 12, wherein the etch resistant layer 

2 comprises silicon nitride. 

1 21. The method of claim 19, wherein the etch resistant layer 

™S has a thickness of approximately 10-100 nm. 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor device having at least one fuse and an 
alignment mark formed therein. An etch resistant layer over 
the surface of the fuse and alignment mark, which provides a 
uniform passivation thickness for use in conjunction with 
laser fuse deletion processes. 
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Same as Residence 



Fun name of fifth Inventor, if any 



Fifth inventor's signature Date 



Residence 



Citizenship 



Post Office Address 



Full name of stxth inventor, if any 



Sixth inwentor'9 signature Date 



Residence 



Citizenship 



Post OWce Address 
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